Introduction
Every year, 15 million babies are born premature globally, with India and China collectively contributing to a third of that number. 1 With improving neonatal care, survival of these infants is increasing, and with it, the burden of retinopathy of prematurity (ROP) management. In India, with a greater proportion of these premature deliveries occurring in the remote and rural areas, the unmet challenge of unscreened ROP has added to the burden of preventable childhood blindness. 2 The situation is similar in many of the middle-income countries in Asia, Eastern Europe, and Latin America, leading to the global 'third epidemic' of this disease. 3, 4 In India, the awareness about ROP has recently increased. A recent judgment by the Supreme Court of India against a government managed, tertiary-care hospital for failing to provide a female child timely ROP screening awarded the family a compensation of USD 300,000. 5 This landmark judgment ruled that ROP screening is 'standard of care' and part of the 'essential services' to be provided to 'at risk' premature infants. Unfortunately, currently, neither the private nor the public health care delivery systems are capable of handling the burden of screening. 6, 7 With over 3.5 million infants born premature annually, 1 and less than 100 ROP specialists across the nation, screening for ROP is an important unmet public health challenge. 8 The traditional gold standard of ROP screening using the binocular indirect ophthalmoscope has been challenged even in the West. 9 In countries like India, the lack ROP specialists makes this even more unfeasible. Since 2008, wide-field imaging by trained and accredited nonphysicians who use a telemedicine platform has been developed, validated, and reported from India. 8, [10] [11] [12] An Australian report evaluating the Indian tele-ROP model based on the Centers for Disease Control (CDC) guidelines, observed that any 'deviation from the wide-field imaging and photodocumentation model could be fraught with the danger of suboptimal care'. 13 This has resulted in the Government of India accepting wide-field imaging as a viable and practical alternative method for screening for ROP in the rural and district special neonatal care units and has invited innovations of cost-effective devices and solutions to fill this gap. Despite the successful deployment of the RetCam Shuttle (Clarity MSI, Pleasanton, CA, USA) in the rural program of Karnataka Internet Assisted Diagnosis of Retinopathy of Prematurity (KIDROP) and some other states, the cost of the device and the technology has prevented the scaling up of the National ROP Program, which is imperative in the current scenario.
This study reports a new, wide-field infant retinal camera primarily developed for ROP screening. This device, the ''3nethra Neo'' (Neo), invented by Forus Health, Bangalore, India was evaluated for its systemic and ocular safety for the use on premature infants. The device has also been compared with the RetCam 3 in a multicenter prospective study, which will be reported subsequently. 14 
Methods
This is a clinical, observational, hospital-based study describing the safety of a new retinal imaging device while using it on infants undergoing ROP screening.
'Neo' Specifications
The Neo was developed in India by Forus Health, a technology-led company focused on ophthalmic care. The research and development for the device was initiated in 2012 and evolved through four prototypes with inputs from ROP specialists. Significant enhancements through the prototypes included the replacement of the illumination source from an optical fiber to a light-guided light-emitting diode (LED) illumination system and from a motorized focusing component to a liquid-lens focusing system in the current study version. The weight of the hand piece was reduced during each version and currently weighs 310 grams. The device, cables, foot switch, and accessories are placed in a single portable suitcase (Fig. 1) . The design, optics, illumination, and software specifications are summarized in Table 1 and are compared with the RetCam 3 (Clarity MSI). Data about the Neo was provided by the device manufacturer.
The device was used for a safety assessment study at our institute. This study fulfilled the requirements of the hospital safety committee and the clinical research department and adhered to the tenets of the Declaration of Helsinki and was accepted by the Institute Research Board and the Institute Ethics Committee after the manufacturer provided a device safety compliance report for electrical and light safety. The device was tested initially on healthy, adult volunteers before being used in this study on infants.
Study Cohort
The study cohort comprised of consecutive Asian Indian premature infants enrolled for ROP screening under the KIDROP program. All study infants were less than 2000 g and/or 34-weeks gestational age or less and were less than 30 days of life when first screened, as per the national guidelines. 15 The program screens in 104 neonatal intensive care units, but for the purpose of this study, only infants screened at Bangalore were enrolled to allow better monitoring of the systemic and ocular parameters. Parents or legal guardians accompanying the infant were counseled and an informed consent was obtained from all cases. Wide-field imaging performed by a trained and certified imager is the screening method of choice in the KIDROP program. This differs from indirect ophthalmoscopy performed by an ophthalmologist in that imaging is performed by a contact camera, which is placed over the cornea of the infant's eye using a coupling agent (Lubic Gel; Neon Pharma, Mumbai, India. Additional material on the safety and experience of this coupling agent can be found in Supplementary File S1). The eye is pried open using an infant wire speculum. Eyes are imaged one at a time. With indirect ophthalmoscopy, the ophthalmologist also uses a speculum to pry open one eye at a time. In addition, a Flynn infant speculum is used to visualize each quadrant using a 20-diopter (D) double aspheric lens. The method is subjective and cannot be recorded as images. The process of widefield imaging has been reported in several reports of our group. Over 100,000 sessions have been completed in the past decade. [6] [7] [8] [10] [11] [12] [13] Only the first ROP screening session was included in this analysis. Infants were monitored by an anesthetist and a pediatric nurse throughout the study session. Pupillary dilatation was started 1 hour prior to the imaging session and was achieved with a commercially available combination of phenylephrine 2.5% and cyclopentolate 0.5% (Auropent Plus; AuroLab, Tamil Nadu, India) one drop in each eye, repeated two to three times, 10 minutes apart. Babies were not fed an hour before and until an hour after the imaging session.
Ocular adverse outcomes that were looked for included conjunctival hemorrhage, laceration, corneal abrasion, ocular infection, hyphema, and retinal or vitreous hemorrhages. Systemic adverse effects that were looked for included bradycardia, tachycardia, hypoxia, apnea, cyanosis, seizure, and vomiting. Any other abnormal behavior was also documented, if present. The study definitions for the systemic adverse events were as per previously published criteria and are summarized in Table 2 .
Readings of oxygen saturation and heart rate were recorded using a portable multiparameter infant monitor (Mindray, VS-800 NIBP; Absolute Medical Services Inc, Stony Point, NY) for 60 minutes before the start of procedure with the last reading considered as baseline, 'during the procedure', 5 minutes after, and for 60 minutes after procedure, with the last reading recorded as the reading at 60 minutes postprocedure. Heart rate was monitored continuously though the period and any episode above or below cut off was monitored to see if it lasted for greater than 30 seconds to record it as an 'episode'. Similarly, oxygen was monitored to see if it fell below 80% saturation and if it lasted for 30 seconds or more was labelled an 'episode' of hypoxia. As per the other study definition of hypoxia, any reading 20% or less of baseline was counted as an 'event'. Because it was difficult to monitor oxygen saturation during the procedure, we had readings in less than 50% of babies and hence not included for analysis. For analysis therefore, recordings 1 hour before the procedure, immediately after the procedure, and an hour after the procedure were used for outcome analysis.
Ocular adverse effects were noted during, immediately after the imaging and at the end of 1 hour by the ROP specialist. The anterior segment was examined with the magnification of the 20-D lens and the retina using indirect ophthalmoscopy. The baby was monitored by the parents and a nursing staff prior to discharge. The caregivers were asked to report any adverse effects even if they did not attribute it to the eye imaging, and included eye discharge, redness, watering, or stickiness. Information of systemic and ocular adverse effects were collected doing a chart 
Imaging With the Neo
Imaging with the Neo was performed after pupillary dilatation was confirmed by the ROP specialist. Topical anesthesia was achieved by proparacaine hydrochloride 0.5% (Paracain, Sunways, India). An infant wire speculum was used on one eye at a time. Imaging was performed by one of two senior ROP imaging specialists (level 3 technicians). 10 Scleral depressor was not used during the imaging in this study.
Sample Size and Statistical Analysis
Descriptive analysis was performed for means of continuous variables and proportion for categoric variables. Paired t-tests were used to compare mean heart rates between any two points of time. Oxygen saturation being not normally distributed, was tested with Wilcoxon signed-rank test. McNemar's test with the Yates continuity correction of 0.5, was used to compare number of events of bradycardia, tachycardia hypoxia, and apnea 1 hour before and 1 hour after the procedure. A sample size of 133 neonates was required to detect an effect size of 31% 16 in heart rate at end of 1 hour, with 90% power and a two-sided alpha error of 5%, allowing provision for a nonresponse rate of 20%. Vassarstats 16 was used for analysis and GPower 17 for sample size calculation.
Results
Of the 140 infants in the study, 86 (61.43%) were male and 54 (38.57%) were female. The mean birth weight of the cohort was 1368 (SD 289.2) g (range, 650-2026 g) and mean gestational age was 30.61 (SD 2.44) weeks (range, 26-35 weeks). The mean postmenstrual age (PMA) at which the imaging was performed was 39.74 (SD 4.75) weeks (range, 30-52 weeks).
Systemic Safety
The mean baseline heart rate was 147. Table 3 .
The number of episodes of bradycardia, as defined by a drop-in heart rate less than 80, during the procedure was 9 (6.4%). The number of episodes of tachycardia (heart rate .200 bpm sustained for .30 seconds) during the procedure was 3 (2.14%). Number of episodes of bradycardia an hour prior to the procedure (3, 2.14%) compared with an hour after (5, 3.6%) showed no difference (McNemar's paired t-test with Yates continuity correction, P ¼0.68); similarly, tachycardia was seven (5%) and nine (6.4%), respectively (P ¼ 0.54).
As per the first definition of hypoxia (oxygen concentration of ,80% !30 seconds), the number of episodes in the 1-hour period before the procedure was four (2.9%) as compared with two (1.4%) in the period between immediately after procedure to 1 hour after (McNemar's test with Yates continuity correction, P ¼ 0.45). As per the second definition (drop in oxygen .20% of baseline; the last reading before procedure was baseline and the last reading at end of 60 minutes after procedure for comparison) there were no episodes of hypoxia.
Summary of Systemic Safety
To summarize the systemic safety results, none of the measured changes were clinically significant and none required any intervention. Hypoxia was seen in no infants at the end of procedure or at the end of 1 hour after the procedure. No screening session had to be stopped due to compromised systemic safety or critically altered as decided clinically by the attending anesthetist who monitored the event. No other systemic study adverse events were recorded at any time interval of the study period.
Ocular Safety
Ocular adverse events noted were transient redness in two eyes (0.7%) of two infants, which resolved spontaneously after 3 and 4 hours, respectively. No cases of conjunctival laceration, corneal abrasion, eye infection, hyphema, retinal, or vitreous hemorrhages were noted in any study infant.
The technicians did not face any difficulty in imaging infants on the Neo and were able to capture the regions of interest with ease comparable to the RetCam. All sessions complied with the previously published protocols with respect to steps and duration. No session took over 3 minutes.
Case Illustration of Image Comparison Between Neo and RetCam
The square Neo images were cropped from its original square to resemble the rectangular images of the RetCam. An ongoing comparative study between the two devices will be subsequently reported.
In case 1 (Fig. 2) , an infant born at 32-weeks gestation with 1530 g, imaged at 36 þ 3-weeks PMA, shows a regressing stage 2 ROP in zone 2 anterior on the 'Neo' (top panel) and on the RetCam (lower panel).
In case 2 (Fig. 3) , immature retina imaged at 34-weeks PMA in an infant born at 1760 g and 31-weeks gestation on the 'Neo' (left) and on the RetCam (right).
In case 3 (Fig. 4) , mature retina imaged in an infant born at 1100 g and 28 weeks showing vessels up to the ora serrata at 42-weeks PMA on the 'Neo' (left) and the RetCam (right).
Discussion
In the current scenario in India and other middleincome countries, the number of ROP specialists required to screen the increasing number of premature infants is grossly inadequate. Onsite, binocular indirect ophthalmoscopy performed by an ROP specialist, has several limitations in these low human resource settings. These include, the scarcity of trained specialists, lack of objectivity, lack of photodocumentation, medicolegal concerns, low or no reimbursement, remote or poorly accessible locations of neonatal care centers, and ergonomic and logistic difficulties. 18 For these reasons, a majority of semiurban and rural neonatal care units in India have no ROP screening programs.
In some regions of the world, wide-field imaging provides an adjunctive role to the existing model, by assisting the ROP specialist who is performing on-site exams to confirm or document his or her findings. Tele-ROP on the other hand, is the practical use of wide-field imaging in a formal telemedicine network and has the potential of providing ROP care where there are few or no specialists, ensuring the continuity of care of these infants. This has been made possible for several decades with the availability of the current gold standard, the RetCam imaging systems (Clarity MSI). [19] [20] [21] [22] [23] In India, tele-ROP has been successfully employed for over a decade to screen in remote rural centers. 7, 8, 10, 12, 24 The scalability of this program has been limited owing to the high costs incurred in its setting up. This requires a public and private partnership to make it financially and logistically sustainable. 6, 13 Despite government funding, the high cost of the camera limits the number of units that can be used within a state or district. 8 This leaves a vast majority of remote centers unscreened.
The Neo was developed to be able to fill this void of low-cost infant retinal devices and took 36 months of multiple prototype validation. Some of the modifications related to improving the ergonomic design, portability, light source, patented liquid-lens systems, weight, and the size. After the device secured successful safety certificates for biomedical parameters it was used for clinical validation. This manuscript focuses on the systemic and ocular adverse effects on 140 infants who underwent Neo imaging.
Using standard definitions of systemic study parameters (Table 2) , we measured observed changes during, 5 minutes postimaging and an hour after the imaging session. These were compared with available studies of systemic changes using RetCam imaging. 25, 26, 27 The heart rate increased by approximately 10 bpm during the procedure, which settled down to an increase of 3 bpm by the end of 5 minutes and an increase of 1 bpm at the end of 1 hour. Our results are consistent with Mukherjee et al. 25 who also found a mean increase of 13 bpm during the procedure and Mehta et al. 27 who found 12 bpm during the procedure. Both these studies reported a reduction in the heart rate by 10 minutes. Our results at the end of 60 minutes, compares well with Mehta et al. 27 who found that the heart rate settled to baseline at end of 30 minutes and differs from Mukherjee et al. 25 who reported a reduction in the heart rate by 5 bpm at end of 30 minutes. Wade et al. 28 reported 0.7% tachycardia compared with our 2.1%. However, in their study, RetCam imaging was used only as an adjunct over indirect ophthalmoscopy and was stopped as soon as the heart rate fluctuated.
From a clinical perspective, bradycardia is of concern to the treating neonatologist who is often responsible for monitoring the baby during ROP screening. We found that 3.6% of our infants had bradycardia. This was significantly lower than 11.9% reported by Mukherjee et al. 25 Studies that recorded bradycardia using indirect ophthalmoscopy have also reported higher levels of 24% 29 and 31%. 30 The relatively short duration of our imaging session and the lesser systemic stress as we did not use scleral indentation could have contributed to the lower incidence of bradycardia in our series. 31 The mean oxygen concentration drop in our study was 1.9%, which is lower than previous reports of 3% 25 and 7%. 30 This is probably due to their longer screening duration and a smaller sample size (n ¼ 15), respectively, in these studies. Desaturation was observed in 8.6% of examinations with the RetCam. 32 The lack of uniform definitions across studies makes comparisons difficult. Mukherjee et al. 25 reported 1.5% examinations with hypoxia when more than 20% of the base line was used as a cut-off. We had no episodes of hypoxia in the 1-hour period after the imaging session with the Neo. However, it must be mentioned that our study cohort was uniformly Asian Indian preterm infants. Infants undergoing ROP screening in our cohort are heavier and older compared with their counterparts in the Western world. This may limit the influence of generalizability of our results to other such population cohorts.
To summarize the systemic safety results, no baby required any extra intervention for correction of any of the systemic changes recorded during or after the procedure suggesting the systemic safety of the Neo. Similarly, ocular safety was established by the presence of only two babies showing transient conjunctival hyperemia after the procedure with no other adverse ocular or adnexal effect during or after the procedure.
Future Directions
After the safety profile of the Neo was established, the ethics committee approved a larger multicenter study that would compare the usability and image quality between the Neo and the RetCam using realworld metrics required in tele-ROP algorithms. The significant financial advantage is likely to promote the use of this device in low-volume neonatal units, which could previously not afford the RetCam. Furthermore, the smaller size and improved portability could allow the Neo to be taken to remote rural centers more easily than the RetCam. The potential advantage of smaller vehicles required to transport the Neo could also add to this cost benefit. A cost-benefit study comparing the direct and indirect costs between the two devices using real-world expenses in a tele-ROP model of screening will be required to explore its full potential.
Conclusion
To conclude, this report demonstrates the systemic and ophthalmic safety of a newly introduced widefield, infant retinal camera, the Neo, for use in preterm infants who are at risk for ROP. The device has some promising novel features, which include the liquid-lens systems to dynamically focus the image, an LED light source, an integrated lens hand-piece, which is ergonomically lighter and more portable. The most distinct advantage of the device is the cost. Further studies comparing the Neo head-to-head with the RetCam in the real world and cost-utility assessments are necessary to validate the same.
